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Title: Prevention and treatment of Alzheimer's disease 




Field of the invention 

The present invention relates to prevention and treatment of Alzheimer's disease (AD). 
More specifically, the invention relates to use of a non-wild type protofibril or compound(s) 
with protofibril forming ability for active immunisation in the purpose of treating or 
preventing AD. The invention further relates to a peptide. Ap-Arc. with high protofibril 
forming activity as well as several applications thereof, such as antibodies against sa.d 
peptide for passive immunisation against AD. 



Background of the invention 

Alzheimer's disease (AD) is a progressive disease known generally as senile dementia. 
The disease falls into two categories, namely late onset and early onset. One form of this 
latter AD type runs in families and it is known as familial AD. 

Both types of AD are characterized by two types of lesions in the brain: senile plaques 
and neurofibrillary tangles. Senile plaques are areas of disorganized neuropil up to 150 
mm across with extracellular amyloid deposits at the center. Neurofibrillary tangles are 
intracellular deposits consisting of two filaments twisted about each other in pa.rs. 

A P ajso referred to as amyloid p peptide (ApP) is a highly aggregating small polypeptide 
having a molecular weight of approximately 4,500. This protein is a cleavage product of a 
much larger precursV protein referred to as amyloid precursor protein (APP).The Ap 
protein comprises 39 \amino acids. There are at least five distinct isoforms of APP: 
563 695. 714, 751 , and ?\amino acids, respectively (Wirak at al. (1991)). The Ap 
protein segment comprises approximately half of the transmembrane domain and 
approximately the first 28 amino^fcjds of the extracellular domain of an APP .soform. 

APP is a transmembrane protein which is highly expressed in all parts of the body, and 
which has several important biological functions. Proteolytic processing of APP in v,vo ,s a 
normal physiological process. Carboxy-termina. truncated forms of APP695, APP751, and 
APP770 are present in brain and cerebrospinal fluid (Palmert et al. (1989)) (Weidemann 
et al (1989)). There are probably two main metabolic pathways: one non-amyloid-form.ng 
and one amyloid-forming pathway. The amyloid forming non-normal pathway produces 
the Ap protein polypeptide which is prone to form dense amyloidogenic aggregates that 



are resistant to proteolytic degradation and removal The resultant Afi protein aggregates 
presumably are involved in the formation of the abundant amyloid plaques and 
cerebrovascular amyloid that are the neuropathologies hallmarks of AD. 

In AD brains, the Ap peptide forms virtually insoluble amyloid fibrils that accumulate into 
senile plaques. The Ap fibrillization process is a complex multistep reaction. A group of ^ 
distinct intermediary Ap species of the fibrillization reaction, the protofibrils, were recently 
identified (Walsh et al. (1997)), (Walsh et ai. (1999), (Harper et al.(1999)). 

The most common Ap form in cerebrospinal fluid (CSF) and plasma comprises 40 amino 
acids (Ap40), but an Ap comprising 42 amino acids (Ap42) is the most common form in 
plaques (Scheuner et al. (1996)). This longer form tends to aggregate more rapidly and it 
is believed that it is more pathogenic than Ap40. 

Many patients get Alzheimer's disease spontaneously with unknown ethiology, but there 
are also several hereditary components involved. Disease-causing mutations in genes on 
chromosomes 1, 14. and 21, respectively, have been discovered, and these mutations 
might explain as much as 50% of disease forms starting very early (<50 years)(St. 
George-Hyslop et al. (1987), (Sherrington et al. (1995)). 

The first gene associated with Alzheimer's disease was the gene encoding the amyloid 
precursor protein APP on chromosome 21. Different mutations of this gene result in 
unusual hereditary forms of the disease. Several pathogenic mutations have been 
identified in the (APP) gene, all located close to the major APP processing sites. These 
processing sites are either located adjacent to the boundaries of the Ap domain in APP 
(the p- and Y -secretase sites) or within the Ap sequence itself (a-secretase site). 

The only known AD mutation close to the p-secretase site, the Swedish mutation (Mullan, 
ct al.,(l992)), discloses a double mutation (Lys670Asn/Met67ILeu) of the APP gone in a 
large Swedish family, in which family the disease starts early and has a high penetrating 
power. The mutation produces a large increase of Ap production, an elevation of both 
AP42 and Ap40 in plasma from mutation carriers and in conditioned cell media. 



Other APP mutations have been described. All result in Alzheimer's disease with an early 
age of onset having an autosomal dominant heredity pattern. Pathogenic mutations within 
the AP sequence, located close to the a-secretase site, result in a phenotype different 
from AD, with massive amyloid accumulation in cerebral blood vessel walls. Two 
mutations at codons 692 and 693, namely the Dutch (Glu693Gln) and the Flemish 
(Ala692Gly) mutations, have been reported (Levy et al. (1990)), (van Broeckhoven et al. 
(1990)), (Hendriks et al. (1992)). Patients having these mutations suffer from cerebral 
haemorrhage and vascular symptoms. The vascular symptoms are caused by 
aggregation of Ap in blood vessel walls (amyloid angiopathy). A third pathogenic intra-Ap 
mutation was recently discovered in an Italian family (E693K), with clinical findings similar 
to the Dutch patients (Tagliavini, et al. (1999)). 

Different pathogenic mechanisms have been proposed for the Dutch and Flemish 
mutations, it has been observed that the Flemish mutation leads to increased Ap levels 
while a reduced ratio of AP42/40 was seen in media from cells transfected with the Dutch 
mutation (De Jonghe, et al.(1998)). Investigations of synthetic Ap peptides have indicated 
that the Dutch mutation, but not the Flemish, accelerates the fibril formation compared to 
wild-type (wt) peptide (Walsh et al. (1997)). 

As reported by Kamino et al. 1 992, another APP E693 variant wherein Glu is substituted 
for Gly at APP E693, has previously been seen in one individual. It could not be 
unambiguously determined to be responsible for AD, though. This case originated from a 
family with similar clinical characteristics for AD and definitive AD was confirmed at 
autopsy. However, in this family the mutation could only be detected in one of two 
demented siblings. 

Mice transgenic for APP mutations show many of the pathological features of Alzheimer 
disease, including deposition of extracellular amyloid plaques, astrocytosis and neuritic 
dystrophy. In recent studies by (Schenk et al (1999)) it was reported that immunization 
With Ap42 wild-type peptide is both preventive in transgenic mice, but also that Ap 
containing plaques can be greatly reduced in the brain of transgenic mice immunized with 
the peptide. 




However, due to the large costs and suffering that are associated with Alzheimer's 
disease, there is still a need for improved methods for treatment and prevention thereof. 



Likewise, there is a need for a method for screening compounds that could constitute a 
part of future pharmaceutical preparations for treating and perhaps curing Alzheimer's 
disease. 



Summary of the invention 

The present invention relates to an active immunisation against AD which will have a 
much more profound effect in the treatment of Alzheimer's disease, than using the wild- 
type peptide, immunization according to the invention will yield antibodies directed to 
protofibrils, as the immunogen is a protofibril or compound(s) with greatly increased 
protofibril formation properties. These antibodies, generated in the periphery, will cross 
the blood brain barrier and mediate clearance of Ap in the brain in a protofibril state. J 

In present invention use is made of a pathogenic AD mutation at codon 693 (Glu693Gly), 
named the 'Arctic mutation', located within the Ap peptide domain of the APP gene, more 
closely position 22 of the Ap-Arc peptide. Carriers of this mutation develop progressive 
dementia with clinical features typical of AD without symptoms of cerebrovascular 
disease. Said AD is distinctly characterised by accelerated formation of protofibrils 
comprising mutated Ap peptides (40Arc andter 42Arc) compared to protofibril formation of 
wild type Ap peptides. 

Thus, in a first aspect the Invention relates to use of a non-wild type protofibril or 
corfipound(s) with protofibril forming ability for immunisation for prevention or treatment of 
Alzheimer's disease (AD). Preferably, these protofibril or compound(s) have enhanced 
protofibril forming ability and/or enhanced immunogenic^ compared to the wild-type 
counterparts. Protofibril chemistry has been described by, inter alia. Serpell (2000). 




Preferably, the protofibril or compound(s) with protofibril forming ability comprises the 
following^mino acid sequence KLVFFAEDV. The Ap 1-42 fibrillisation process involves / 
transitional conformation changes from a-helix via random coil to p-sheet. The stable a- 
helix sequence of residues 16^24 (KLVFFAEDV) apparently plays an important role in this 
process. 



The protofibril or compound(s) wk protofibril forming ability may be mutated or modified 
in relation to corresponding wild-type counterparts. Changes in the KLVFFAEDV 



sequence will affect th\fibrlllisation process. For example, changes of the charged amino 
acids Glu22 and Asp23 into neutral amino acids will induce a random coil structure in the 
Ap peptide. Furthermore, oWotonation of other amino acids such as Asp7, Glu11 and 
His 6, 13 and 14 in the N-terrtyinal end, has been suggested to destabilize the a-helix, 
leading to initiation of the fibrillation process. Another example is mutations leading to 
increased immunogenicity in ma\ by using amino acids from mouse Ap at specific 
positions, e.g. Gly 5, Phe10, ArglV Furthermore, amino acid 13 in Ap is known to be part 
of a heparan sulphate binding motif\l3-16; His, His, Gin, Lys) in human, which has been 
speculated to be involved in AD disease mechanism (inflammation) (Giulian et al. (1998)). 
In mouse. His 16 is exchanged for Arg\3 destroying the heparan sulphate binding site. 
Interestingly, mice have never been observed to develop AD, Hence, the use of Ap- 
Arc/Argl3 as an immunogen would be a wky to lower possible inflammatory side effects, 
elicited with Ap peptides with intact heparan\ulphate binding motif. 

Preferably, the protofibril or compound(s) with protofibril forming ability comprises an Ap 
peptide (p-amyloid protein) and repeats thereof, such as dimeric. oligomeric or multimeric 
forms). In a preferred embodiment the protofibril or compound(s) with protofibril forming 
ability comprises a Ap peptide related to AD. In another embodiment the protofibril or 
compound(s) with protofibril forming ability comprises ot-synuclein. 

There exists a form of dementia characterised by patients having clusters in the brain of a 
structure called Lewy bodies. This form of dementia comprises about 20% of all dementia. 
Patients with Lewy bodies show, inter alia, Parkinson symptoms with progressive 
cognitive dysfunction. However, some patients also exhibit Alzheimer symptoms and this 
is called "Lewy variant of Alzheimer". The main component of the Lewy bodies is the 
protein a-synuc|ein. Two mutations in a-synuc|ein have been identified Ala53Thr and 
Ala30Pro. These mutations lead to dominant heritage of Parkinson's disease. These 
mutations affect the structure/solubility of a-synuclein and leads to formation of 
protofibrils. (Conway et al. (2000)). 

The Ap peptideSspreferably Ap-Arc as disclosed in SEC} ID NO 1. A& -Arc comprises 39, 
40 or 42 amino acia^but may also be shorter as long as the-protofibril forming ability is 
maintained. 



The profibril or compound(s) with protofibril forming ability may be used in combination 
with Ap peptides having known mutations, such as the Dutch, Flemish. Italian mutation 
described above as well as the Iowa mutation (D694N) (Grabowski et al., 2001). 
The AP peptide may comprise one or more of these and/or other mutations. Alternatively, 
a cocktail of different Ap peptides with different mutations is used. 



In a second aspect, the invention related to a peptide, Ap-Arc, having the amino acid 
sequence disclcsed l in SEQ ID NO 1 comprising a glycine at position 22 instead of 
glutamic acid com P ar^d4ojA^peV*p peptide. The peptide may be natural, synthetic or 
recombinant^ produced. For the purposes of the invention the peptide may be used in 
monomelic, dimeric, oligomeric, protofibril or multimeric form. 

The invention also relates to nucleic acid encoding the above peptide as well as a vector 
comprising the nucleic acid. The vectors for expressing the polypeptides of the invention 
require that the nucleic acid be "operatively linked." A nucleic acid is operatively linked 
when it is placed into a functional relationship with another nucleic acid sequence. 

This vector may be inserted in a host cell. Such a host cell can be used to recombinantly 
produce the peptide of the invention for pharmaceutical or diagnostic use as well for 
research purposes. The peptide may also be produced synthetically and be purified by 
HPLC, RP^HPLC, SEC-HPLC. 

In a further aspect, the invention relates to a transgenic non-human animal comprising the 
above vector. Furthermore, the invention relates to a transgenic non-human animal 
comprising a vector comprising the entire APP gene corresponding to NCBI database, 
accession no XM_009710, Homo sapiens amyoid p (A4) precursor protein (protease 
nexin-II.AIzheimer's disease)(APP), mRNA. However, the APP gene for use in the 
invention comprises the Arctic mutation, i.e. nucleotide number 2225 is mutated from A to 
G leading to an amino acid substitution from Glutamic acid to Glycine. The transgenic 
animal may be used for modelling Alzheimer's disease and testing for therapeutic 
treatment efficacy. This transgenic animal will bear the entire APP gene comprising the 
Arctic mutation. This gene is preferably under control of a strong promoter, such as the 
prion-promoter. The APP gene may contain further mutations, besides the Arctic 
mutation. 



The transgenic animal expresses a human APP or a fragment thereof which encodes 
glycine instead of glutamic acid at codcn 693, Preferably, the animal expresses 
neuropathological characteristics of AD. Preferably, the mutated APP is expressed in cells 
which normally expresses the naturally-occurring endogenous APP gene (if present). 
Typically, the non-human animal is a mouse. Such transgenes typically comprises an 
Arctic mutation APP expression cassette, wherein a linked promoter and, preferably, an 
enhancer drive expression of structural sequences encoding a heterologous APP 
polypeptide comprising the Arctic mutation. 

Such transgenic animals are usually produced by introducing the transgene or targeting 
construct into a fertilized egg or embryonic stem (ES) cell, typically by microinjection, 
electroporation, lipofection, or biolistics. The transgenic animals express the Arctic 
mutation APP gene of the transgene (or homologously recombined targeting construct), 
typically in brain tissue. Alzheimer phenotype and neuropathology is caused by protofibril 
formation. Such animals are suitable for use in a variety of disease models and drug 
screening uses, as well as other applications. 

In yeTaTurther asp\t the invention relates to antibodies against the Ap peptide of SEQ 
ID NO 1] The anti bo dismay be monoclonal or polyclonal or antibody fragments. 
Preferably the antibodies^ehumanized for use in passive immunisation for prevention or 
therapy against AD. Thus, antibodies which react with the unique epitope created by 
glycine at codon 693 are providedv 

Another aspect of the invention relates to a pharmaceutical composition, comprising the 
above peptide and physiologically acceptable excipients for human and veterinary use. 
The preparation may comprise adjuvants for vaccination purposes. The administration 
route may be s.c, i.m., oral or nasal. 

In a further aspect, the invention relates to use of the above Ap peptide for high 
throughput screening to find substances with anti-protofibrillar activity. 

In a further aspect, the invention relates to a method for prevention or treatment of AD, f 
comprising the step: 

decreasing the formation of Ap protofibrils and/or lower meric forms thereof in a subject 
having, or suspected of having, AD. 
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The decreasing step above may be by active immunisation with a profibril or compound(s) 
with protofibril forming ability for prevention or treatment of Alzheimer's disease (AD), 
wherein said protofibril or compound(s) have enhanced protofibril forming ability and/or 
enhanced immunogenicity compared to the wild-type counterparts. 

Alternatively, the decreasing step above is by passive immunisation with antibodies ^ 
against protofibrils or compound(s) with protofibril forming ability, such as Ap-Arc. The / 
passive immunisation may be in combination with antibodies against other Ap peptides 
with mutations/modifications leading to increased protofibril formation and/ or 
immunogenicity, preferably AD related mutations. 

Antibodies generated against the human Ap sequence containing the Arctic mutation are 
directed towards Ap protofibrils and therefore are of therapeutic value in the treatment of 
Alzheimer's disease. Becausejhe^pjept^^ 

an immunogen, a ntibodies against Ap protofibrils arej enerated. Availability of such 
anlib^iTb^ensup possibilities for the developmentof an efficient and lasting 
vaccination for the prevention and treatment of Alzheimer's disease. 

In another alternative the decreasing step of the method according to the invention is by 
administration of agents with anti-protofibrillar activity. 

In yet a further aspect of the invention, a combination of the vaccine or passive 
immunization with monoclonal antibodies or compounds with anti-fibriilar activity with one 
or several other AD treatments such as, acetylcholinesterase inhibitors, nootropics, anti- 
inflammatory drugs, estrogen, neurotrophic factor agonists, fi-secretase inhibitors, y- 
secretase inhibitors and a-secretase agonists, can improve AD treatment efficacy. The 
rational is that these substances/treatments work with completely different mechanisms of 
action and hence can be combined to the benefit for the AD patient. 



Detailed description of the invention 

The basis of the present invention is a pathogenic amyloid precursor protein (APP) 
mutation located within the Ap sequence at codon 693 (E693G), causing AD in a family 
from northern Sweden. Surprising^ carriers of this "Arctic" mutation show decreased 
A042 and Ap40 levels in plasma. This finding is corroborated in vitro, where the Ap42 




a 

m^dia from cells transfected with APPemwv 
co „cen,a«on was iow « w|m me Arctic muta«on <A P 40Arc) form 

The un,<,ue r^,n g ofd -a se p p ^ ^ The 

AP 4040Arc molecule was found to cause a 

,™h ♦„ the AMOwt peptide. Thus, when AfJ42Arc and Apw/w; 
protofibrils compared to the ajwjwi p h „ taine d bv cellular systems 



formation. 



Studies on the Arctic mutation of m. present invent.cn have demonsWed a prev,ous,y 
n " schbed pathogenic mechanism for Aizheimer, dise.se through — 
formation of A P protofibrils. A P with the Arctic mutation formed more stable protons 

of eouimolar amounts of wild-type A P . The formation Is accelerated at least 2-10 . mes 

pled to protonb,, formation of wi,d type A P peptides. TJ.eir^*^ / 
s Itthe dangerous species in the amyloid forming patr^ayma^everU^ 

-^jSiSiSSSSST^^ ,he fomat,on of pro,ot,br " S 

able to prevent and treat Alzheimer's disease. 

Non-human animals comprising transgenes which encode Arctic mutation APR ' can 
Id commercial* to screen for a g en.s having the effect of iowenng the formation o A P 
o otfibrils Such agents can be developed as pharmaceuticals for treabng abnormal APP 
I " g Ir Aimer's disease, amongst o,er neurodegenerative cond.ons ,n 
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rt animals such as dogs. The transgenic animals of the present invention 
humans and animals, sucn as ao a pharmaceutical 

in which: 

Fiaure 1 snows Knetics o, soiubie forms - *P1^t W. W «^ 

Ration of AB1-40W., A P 1-40Arc v. a mixture of A P 1-40wt + Arc d- 'J^!^ 
40Arcpep** (92 ( ,M) rapidiy forms protofibril (black dots, ,n companson to ft. ApV 

l ApH 0Arc a. 50 *> was compared to tne protofrbri, formats rate o, a 1 , mature 
(50 jiM) of Ap 1 -40wt + Arc (c) . 

Roure 2 depicts eiution profiles showing Ap40wt (a-c) versus A P 4QArc (d-f) at 6 (a d), 45 
* ^^Tand 12MC 0 1 oHncubaSon. Accelerated protofibril (p, formation a,on 8 w,tn a 

U as compared ,o A P 40w, (a-c). Data is from one experiment, representee o, four, 
^peptide concentres were 143 uM and 13. for A„40wt and A P 40Arc. 

respectively. 

EXAMPLES 

-a-a f«r illustration and are not intended to limit the 
The foliawing examples are provided for illustration ana 

invention to the specific example provided. 

Example 1: Identification of the Arctic mutation 

An APrfWion (E693G) in a family from northern Sweden, named the -Arctic" family, 
It^Vs ans over four generis. The fami.y was screened for ^utations in 
to 6 Si of the APP gene by sing.e strand conformation polymorphism ana I, 
^SCP) (L ForsXL. Unnfelt, (1995)). An abnormal mobility pattern was observed ,n 
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e X on 17 SequondngU«ted an A-»G nucleotide substitution, representing a glutamic 
acid to a glycine substitution at APP codon 693 (E693G), corresponding to position 22 ,n 
me AO sequence. VenoVs blood was drawn into tubes containing EDTA and DNA was 
prepared according to sLdard procedures. SSCP was performed. To sequence exon 17 
of me APP gene a 319 blfragment was amplified with the following P"™***" CAT 
CCA AAT GTC CCC GTcW and S'-GCC TAA TTC TCT CAT AGT CTT AAT TCC 
CAC-3' The PGR produots\were purified with QIAquick PCR purification kit (Qiagen) pnor 
,o sequencing. Direct sequencing was performed in both a- and tf direction using the 
same primers and the BIG D \e cycle sequencing protocol (PE Biosys.ems) and were 
men analyzed on an AB^Xtomated sequencer (PE Biosystems). The Aro«c mutation 
was seen in one family and noL 56 controls or 254 cases with dementia. Garners of me 
arcuc mutation showed no vasc\lar symptoms. The mutation was further venfied by 
restriction analysis, since.it destroyed a Mto« restriction site. The mutator -was fully 
penetrant as no escapees were f\und. Two-point linkage analysis was performed 
between the mutation and a«eclio\ status in the family with an age-dependent 
penetrance, giving a lod score of 3 W a, recombinaUon fraction 0.00. Two-poin. lod score 
L ca.cula.ed using Mllnk from the\inkage package (version 6.1) a. each of the foiling 
recombination fractions 0.00, 0.10, oW 0.30 and 0.40 (q males=q females). A smgle- 
tocus model with an autosomal dominW Inheritance was assumed, which was 
compatible with the inheritance as it appeared in me pedigree. A cumulative age 
dependent penetrance was assigned froV, me known ages of onset in me family 
individuals were put into different liability \lasses depending on the age a. onset (affected) 
or age at last examination (unaffected). TnW disease gene frequency and the marker allele 
frequency were estimated to be 0.001 and \he phenocopy rate was set to 0.0001 . 

Example 2; Clinical symptoms in carriers of the Arctic mutation 

The family Witt, the "Arctic" mutation was clinically and genealogically investigated. In this 
family, the mean age of onset was 56.6 years and me mean duration of the disease was 7 

The r rirsTsymptom in most cases in this family was an insidious loss of memory for 
recenuy acquired information. Symptoms before clinical manifestation of Alzhe.mer s 
disease were decreased power of concentration and difficulties in handling stress 
situations All affected individuals in generation IV had an early retirement pension 
because of me disease. The patients In generation IV were investigated by magnetic 
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,eeG) which confirmed the diagnosis of Alzheimer 
MR. did no, demonstrate signs of stroke or cerebra, haemorrhage. 

investigated as to whether the mutation — ^ ^ m ^ a l, even non . 
Pla sma from nine mutation ~'^~ d ^ EUSA systems, 
cafri ers in U,e .ami,,, ^"^J^, (BANS o/BA 2 7> <Suzu k , et ai. 1994,,. 
specifically d ^^^^^ l^^yon^d^norchange any of the antibody recognition sites 
To reassure that the Araicmuwu ra - rt nnh-ed eaually well. 

carri ers and non-oarders, respetfveiy, representing ^ no 

• / -n rvn The AB42/40 ratio was calculated for eacn inamuu , 
muta0 o„ earners .<^ 1 >; ^ , p OQncentrat ,o n s of both A P 42 and 

^nlfican. * 
Ap40 were unexpectedly and significantly reuu 

mutation. 

Example 4: A0 levels in cell culture 

. ■ • ♦ho^wpdish double mutation (APPswc) ana one Mrr 
containing the Swedish dou I cnarac teristics (Hardy (1997)), were 

(APPv717F ), both wiWll-stud,ed APP process ng 
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instructions ^atagene). The mutated constructs were verified by sequencing. For the 
ELISA measurements, HEK293 cells^seeded in six-well dishes and transfected w.th 
the different cons^acts using FjfeENE* 6 iransfection Reagent (Roche Diagnost.es) 
according to the man\ a cturersWcti°n< 24 h after transfection, the cells were 
conditioned 48 h in Opti^EM containing 5% newborn calf serum. After withdrawal of the 
media for ELISA measured, the APP expression in the cells were investigated by 
western blot using monoclon\antibody 22C11 (Roche Diagnostics). Media was 
conditioned and analyzed for AfWls by the same A P 42- and Ap40-specific sandw.cn 
ELISA systems as used for humanWma (Citron, et al. (1997)). The A P 42 and Ap40 
concentrations and AP42/40 ratios ar^shown in Table 1. 

l=ibleTAp42/40 ratio and A(342 and Ap40 levels iT^onditioned media from 

transiently transfected HEK2 93 cells 

- " Ap'42/40 ratio Ap42 ± SD Ap40 ± SD 

APP constructs flfeLtSB ffinsltaQ ifffloW 

APPwt 

Arctic (E693G) 



9.6 ±0.7 13.8 + 1.0 144 ±6 

7.5 ±0.5* 11.2 ±0.6 149 ±3 

Dutch (E693Q) 6.6 ± 0.6* 9.6 ± 0.7 147 1 12 



Italian (E693K) 
Flemish (A692G) 
Mock (vector only) 



6.4 ±0.6* 8.0 ±0.7 126 ±17 

11.7±1.6* 27.0± 2.0 . 232 ±25 

7.2 ±2.4 2.1 ±1.0 28 ±5 



* P=0.004 in comparison to APPwt 

Decreasing A P 42/A P 40 ratios could be seen with all mutations at APP 693 (Arctic, Dutch, 
Italian). This may be due to increased rate of intracellular protofibril formation. 

Example 5; Effect of Arctic mutation on protofibril formation 

The effect of the single amino acid substitution (Glu22G!y) on amyloid fibrillation kinetics 
was investigated. Synthetic A P 1-40 was dissolved in physio.ogica. buffer and incubated for 
different periods of time. After centrifugation. the soluble AP in the supernatant, both low 
molecular weight (monomeric/dimeric) Ap and protofibrils, were separated and analyzed 
using size exclusion chromatography (SEC) with UV detection at 214 nm. The 
morphology of the sedimented insoluble Ap was visualized using negative sta.n and 
transmission electron microscopy (TEM). 
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A p W Owtwas purchase from Bachem. BObendorf. Switzertand or Biosource 

rrrr— :r:« P ^e— 0 = nswere ^n r7 eo ; 

88 143 M nd were similarfor both peptides in each expenment. After centrifu^tion (17 
soo x g fTr's min a. 16°C> monomeric/dimenc and protofibril AP.-40, sampled from me 
900 xg tor a mini i , LaC hrom HPUC 

supernatant, were separated us,ng SBC *™'*"'*™ mode , autosampler and a 

Llt's were eluted at a flow rate of O.OB ml/min (ambient temperature) using 60 mM 
I T m po f D H7 4) 0 15 M NaCI. Chromatograms were obtained by measunng 

pirated using Merck-Hitachi Mode, D-700O Chromatography Data S.a.,on Soflwar* 
T^an of tn> (icate integrated peak vaiues from the SEC measurements were used to 

each data point shown in Fig. 1 and 2. In addition, a standard curve wa 
P od d bfoorrelaLg Integrated pea, areas with peprtde concents as — 

q uan«a.L amino acid anaiysis. The concentrations o, tota, (a. .=0 h, and so 
peptides remaining In sCu.ion after centHfugaion were calculated from the standard 



curve. 



SEC analysis of freshly dissolved AP.-40wt generated a singie ^"J^^ 
time of about 20 min (Fig. 2a). This peak represented the monomene/dimenc fo ms of 
I^owt (Walsi, c t a..(l»07,,. Wlth increasing incubation time a second d,s„n« eak 
appeared n *e gel-exduded Action with a retentUon time of about 12 mm. This ear, er 
appeared in g ultracenthfugation, negative stain 

peak contained protofibrils (Fig. 2b, c), as venrre y 

and TEM of AP.-40WI (data no, shown), in line with previous f.ndmgs (VVaUh c, al. (1007,). 

AB40MO generated protofibrils much faster and in larger ,uant,t,es than Ap40wt. 

Ch olto^ms from three early time-points of incubation Hlustrate this — <"» D- 

The monomeric/dimenc Af>40Arc peak declined in parallel with the growth of the 
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pro.CWI.ar peak (Fig. 2d-f). The maximum concentred (111 uM) of A P 40Arc protofibril 

was observed at 6.5 h, 

Knetic studies up to 48 h showed tha^P generated 3 Sma " qUa " l " y °' "'"I 0 '""" 8 
with a maximum concentration In contrast a rapid and significant 

I mation of protons was seen Whin the firs, incu^on^— 
rapid dedlne in the concentration o, me monomeric?dimenc.A P l-40Arc peptide (F,g. 1b>. 
Since earners of the Arctic mutation are heterozygots they generic th A P wt and A P A c 
Assuming equlmolar in vivo production, f kineiics of protofibrl, formation was s ud,ed n 
. 1:1 mire of A P 1-40w< and A P 1-40Arc. This mixlure o, peptides showed Kinet.cs that 
were intermediate to the single peptide curves (Fig. 1c). 



Example 6: Morphology of Afi-Arc 

A typicai fibriliar morphology of A P ,-40Arc in sedimented samples from kinetic studies was 
confirmed by negative stain and TEM. A P peptide sampies were prepared and incused 
as indicated for the kinetic studies, using higher peptide concentrates (617 uM>. After 
days, aggregated A P species were sedimented using the same centnfugaflon parameters 
as described above. Buffer was removed and peileted material was suspended ,n 50 ul 
water using gentle sonication (2 x 6s). Eight M l samp.es were applied to carbon stab.hzed 
Lmvar L grids (Ted Pelia, Inc., Redding, CA, USA,. Samp.es were negafve y s ned 
* 8 uluran* acetate (1%) (E. Merck, Darmstadt, Germany). Four gnds we e prepared 
for each sample and examined using a Philips CM10 TEM. Samples from ^ 
° dimented during the kinetic experiments were also examined. Similar to ft. .segmented 
AMOW. large mesh-works of A P could be seen in preparations. Protofibrils couid 
also be discerned in the sedimentables. Ther^MOA^ protof.brils were longer and 
,ess curved compared to the Ap^Owtp^tofibrils. mining of several fibrils was more 
common in the A P 40Arc preparatlonCresulUng in larger fibril diameters. 

Example 7: Kinetic studies 

Kinetic studies comparing the formation of A P 40gly22 protofibrils in the presence of a high 

and a low concentration of NaCt: 

The experiments examining A P 40g.y22 protofibrl. and fibril formation, have been 
performed in 50 mM phosphate buffer supplemented with 100 mM NaCI. They present 



* 4 
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data that show that the rate and magnitude of A P 40gly22 protofibril formation is . 
significantly enhanced in the presence of a high NaCI concentration. 
Since intra- and extraneuronal NaCI concentrations differ significantly (ca117 mM vs 
30mM), this finding supports an increased ability of A P 40gly22 to form protofibrils in the 
extra-neuronal space where p-amyloid plaques are found. 
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SEQUENCE LISTING 
<110> Lannfelt, Lars 

<120> Prevention and treatment of Alzheimer's disease 
c130> PQ5384PC 

<210> 1 

<211> 42 

<212> PRT 

<213> Homo sapiens 



<400> 1 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys Leu 
-,5 10 15 

Val Phe Phe Ala Gly Asp Val Gly Ser Asn Lys Gly Ala lie lie Gly Leu 
20 25 30 



Met Val Gly Gly Val Val lie Ala 
35 40 



